The paper deals with the structural diversity and production of a less frequently studied type of alder stands originated on former agricultural lands in the 1950s, established partly by plantation and partly by natural succession in the area of the Krkonoše Mts. and the Orlické hory Mts. (Czech Republic). Four permanent research plots (PRP) were established at sites where Black alder (Alnus glutinosa L. Gaertn.) and Grey alder (Alnus incana L. Moench.) naturally occurs, each plot of 0.25 ha in size. The aim of the study was to evaluate the structure and development of the alder stands with respect to biodiversity, horizontal, vertical and species structure, diameter increment with emphasis on climate factors, and the quantity and quality of timber production. The results document low diversification of the studied stands in the PRPs. The horizontal structure is defined as random and clumped at sites at the highest altitude with high water table. The number of living trees with DBH ≥ 4 cm ranges between 556 to 828 trees ha -1 with the relative stand density index (SDI) 0.67-0.77. The stand volume ranges from 247 to 393 m 3 ha -1
Introduction
Afforestation of marginal agricultural and degraded lands is a crucial topic in both the European and world context (European Communities, 2003; FAO, 2008) . The environmental aspects also accompany these efforts in more advanced economies (Aosaar et al., 2012) . With respect to these facts, countries of the European Union are estimated to exclude 12-16 million hectares (ha) from agricultural production. On a global scale, 385-472 million ha of abandoned agricultural land are suitable to establish plantations of fast-growing trees (FAO, 2008; Campbell et al., 2008) . Large areas of abandoned former agricultural land suitable for this purpose are situated in Eastern Europe (Henebry, 2009) as well as in some parts of Western Europe (Anthelem et al., 2001) . The Czech Republic also adopted a subsidy plan for replacing crop production by afforestation in 1992 (Černý et al., 1995; Holubík et al., 2014) , which has been supported until now (Vacek et al., 2009) . Increased wood production is aimed to be used as bioenergy source, becoming an important issue in fast-growing species cultivation (Directive 2009/28/EC). The share of energy from renewable sources is presumed to increase to 20% by 2020. However, for transformation of agricultural land to forest-type areas, the natural succession with spontaneous pioneer species promotion is convenient on abandoned agricultural lands (Vacek et al., 2009 ). The nature of spontaneously formed stands is influenced by a number of factors, such as the method and intensity of previous management, altitude, terrain configuration, distance from potential seed sources, occurrence of mast years, weather trends, wild game, etc. (McVean, 1956) . Such stands differ not only in their production potential but also in other functions expected from a forest stand.
The alder species belong among fast-growing tree species of an increasing importance in Europe in the last decades (Hytönen & Saarsalmi, 2009) , especially in northern Europe and Baltic countries (Johansson, 1999; Uri et al., 2014; Hytönen & Saarsalmi, 2015) . They are characterised by a considerable tolerance to adverse climatic and edaphic environmental conditions, yet they constitute stands producing good-quality timber on sites where other commercially important tree species are limited by unsuitable conditions for successful growth and development due to their ecological valence (Bugala & Pittner, 2010; Tobita et al., 2010) . At the same time, the alder can be involved in the rehabilitation of disturbed soils (Roy et al., 2007; Krzaklewski et al., 2012) and perform one of the fundamental forestry functions, which is the achievement of adequate quantity and quality of production within the shortest possible time (Claessens et al., 2010) . The great importance of alder is accentuated by the European attention paid to the species under the working groups Noble Hardwoods and Scattered Broadleaves within the EUFORGEN programme (e.g. Krstinič et al., 2002) . In more favourable conditions, some introduced species can also fulfil these functions (Kacálek et al., 2013; Remeš & Zeidler, 2014) .
In two-phase afforestation, due to their colonization abilities pioneer trees create more favourable microclimatic conditions for introduction of target species, whose properties limit their applicability in open areas (Vares et al., 2003) . Spontaneously, alder stands create variable environments for these purposes (Souček & Špulák, 2010; Johansson, 2005) . Alder species show fundamental cultivation advantages, important for establishing fast-growing forests (Claessens et al., 2002) . Their seedlings resist direct solar radiation and frost fairly well, and in the past they also suffered minimal disease attacks (Hubbes, 1983) . More recently, after 1993, Phytophthora decline of riparian alder populations has become an important problem in Europe (Černý & Strnadová, 2010) . After felling, new alder vegetation rises from both root and stump shoots, making artificial afforestation of clearings redundant (Saarsalmi et al., 1991) . Due to its capacity of symbiotic nitrogen fixation, the alder tree can cover a substantial part of its annual nitrogen requirement by means of this process . Compared to other fast-growing energy tree species, the requirement for costly nitrogen fertilisation is minimal or zero. In addition, studies conducted both abroad and in this country indicate a major ability of biomass accumulation by pioneer tree stands (e.g. Uri et al., 2002; Johansson, 2005; Souček & Špulák, 2010; Aosaar et al., 2011) , despite the bioenergy use is minor compared to intensive fast-growing tree plantations.
Edaphic factors are among the main drivers of both the black alder (Alnus glutinosa L. Gaertn.) and the grey alder (Alnus incana L. Moench.) (Bialobok et al., 1980) . Riparian alder stands are the most common type of alluvial forest in the Czech Republic. They are associations of the sub-alliance Alnenion glutinoso-incanae, with the black alder predominant in the tree layer at lower altitudes and the grey alder at higher ones. Alder stands in spring areas are a specific case, most commonly found on upper reaches of watercourses (Lukáčik & Bugala, 2005) . Unlike other types of alluvial forests, rather little attention has been paid to the structure and development of alder stands so far, although they are highly endangered in Europe (Ellenberg, 1996) . Both autogenous influences (Pokorný et al., 2000) and various external factors, such as water-table fluctuations (Brock et al., 1989) , the effect of wind disturbances (Wolf et al., 2004) and pathogens (Cech, 1998) , have been described as important for the dynamics of alder stands. For example, the negative impact of ivy (Hedera helix L.) on the radial growth and on some anatomical char-acteristics of black alder wood was shown by Yaman (2009) . Various disturbances increase the structural diversity of the wetland forest vegetation types (Anderson & Leopold, 2002) and the variability in stand conditions, especially light and humidity conditions, for their regeneration (Battaglia & Sharitz, 2006) .
In the Slovakian context, the structure of natural alder stands was assessed by Korpeľ (1991) , who documented low differentiation to relatively homogenous stand structure within the 140-170-year developmental cycle. Bugala & Pittner (2010) demonstrated that the black alder stands in Slovakia show very low height and diameter structural diversity and a pronounced tendency to clustering due to vegetative propagation. The variability in the qualitative indicators of trunks and tops of the natural grey alder populations in the Poľana area showed great differences, influenced in particular by specific ambient conditions as well as individuals' properties and coenotic status within the stand (Bugala & Migas, 2011) .
The structure and development of these stands have long been influenced by human activity. For example, Brock et al. (1989) and Douda et al. (2009) mentioned the negative effect of increased watertable in black alder stands on their dynamics as a consequence of drainage ditches clogging. The health status of black alder stands is considerably affected by decreasing watertable and periods of low total precipitation (Rodríguez-González et al., 2014) as well as by fungal pathogens (Worrall et al., 2010) . The 20 th century meant a return to quasi-natural alder plant associations in various parts of Europe (Güsewell & Le Nedić, 2004) . Nevertheless, the secondary succession of these wetland forests has not been studied adequately so far (Warren et al., 2004) .
The objective of the paper was to assess the structural diversity and production of alder stands established on former agricultural land by planting and, partially, by secondary succession. Above all, it presents an analysis of structural diversity and the quantity and quality of timber production. In our study we aimed to prove that: (1) these stands in mountainous locations in the Sudetes mountains can achieve relevant production parameters allowing their industrial processing or energy use, (2) their radial growth is affected by climatic characteristics (precipitation and temperature) and that (3) structural diversity and production of these stands in Natura 2000 are comparable with other forest stands if minimum management is applied.
Material and methods

Description of the study area
The study was conducted in stands with dominant black alder in protected areas in the Sudetes mountains in the Czech Republic, along the Polish border, established on former agricultural land in the 1950s with a long-term action of high water table. Three permanent research plots (PRP -K41, K42, K43) are located in the Krkonoše National park in the elevation gradient of the Lysečinský brook, and one PRP (ZO2) is in the Orlické hory Protected Landscape Area. The average annual precipitation in the PRPs rises from 680 mm to 890 mm and the average annual temperature drops from 11.6°C to 10.3°C with the altitude. The bedrock consists of phyllites and schists. From the pedological point of view, the predominant soil type is modal gley, with local transition to organosol gley and gleyed cambisoly. The PRP localization is shown in Fig. 1 , and an overview of the basic information on the PRPs is in Table 1 . forest site type: 7V -moist beech-spruce stand, 6V -moist spruce-beech stand, 6O -medium-moist spruce-fir stand. Potential vegetation: stream and spring alder forest of sub-group Alnenion glutinoso-incanae. GPS: PRP K41 -50º42'34" N, 15º 50' 12" E; PRP K43 -50º42'26" N, 15º49'56" E; PRP K44 -50º42'10" N, 15º49'47" E; PRP ZO2 -50º13' 07" N, 16º32'50" E.
Data collection
The FieldMap technology (IFER-Monitoring and Mapping Solutions Ltd.) was used to determine the structure of the tree layer and natural regeneration when establishing two PRPs sized 50×50 m and two PRPs sized 30×83.3 m (0.25 ha). This setup was used to identify the positions of each individual of the tree layer and their crown projections, at least in 4 directions perpendicular to one another. The diameters at breast height (DBH) and heights and heights of the live crown bases were measured in all individuals of the tree layer. The tree layer DBH was measured using a metal calliper to the nearest 1 mm; the heights were measured with a Vertex laser hypsometer to the nearest 0.1 m. Tree forks up to 1.3 m in height were evaluated in the field. If the tree fork was lower than at 1.3 m, both trunks or several trunks (multi-trunks) with DBH ≥ 4 cm were measured as separate trees (at the height of more than 1.3 m it was evaluated as a single tree) according to the methodology of Forest Management Institute (FMI, 2003) .
In each PRP, random selection (uniform distribution of random numbers by RNG/Excel) was used to select first 50 dominant and codominant trees of black alder in which the qualitative production characteristics were identified (cf. Lukáčik & Bugala, 2005) . The timber production quality assessment was based on the trunk growth and course (straight, skew, sabre-shaped, crooked), trunk surface (smooth, bud clusters), health status and trunk condition (healthy, damaged by hard rot, damaged by soft rot), and self-pruning (very good -without adventitious shoots, good -1-4 shoots per m, poor -≥ 5 shoots per m). A Pressler auger was also used to collect cores from these trees at breast height (130 cm), perpendicularly to the trunk axis both downhill and uphill. The cores were used for determination of stem rot damage, distinguishing the types of rot (hard and soft rot).
The long-term climate data in terms of monthly temperature and precipitation were assessed using data from the Deštné meteorological station in the Orlické hory Mts. (656 m 
Data analysis
Tree volume was calculated using the volume equations published in Petráš & Pajtík (1991) . Height curves were constructed using Näslund height-diameter function (Näslund, 1936) . As for the density characteristics, the relative stand density index SDI (Reineke, 1933) , biological canopy (the sum of crown projection areas per hectare) and taxation canopy (crown closure; proportion of a stand covered by the crowns) were determined for each plot. The layout maps were made in the ArcGIS software (copyright: 1995 (copyright: -2010 .
The annual ring increment series (186 trees) were cross-dated individually (elimination of the error associated with missing annual rings) using Student's t-test for determination of the degree of correlation between the tree-ring curves in the PAST application (Knibbe, 2007) , and then subjected to visual inspection using the list method according to Yamaguchi (1991) . Where a missing annual ring was found, a ring 0.01 mm wide was inserted. The curves from the PRPs were then detrended in a standard manner and used to create an average annual ring series in the ARSTAN software. The 100-year spline was applied (Grissino-Mayer et al., 1992) . The average annual ring series from the Krkonoše and Orlické hory Mts. PRPs were correlated with climate data (precipitation, temperatures) for each year. The diameter increment modelling based on climate characteristics was done using the DendroClim software (Biondi & Waikul, 2004) . The average radial increment and diameter of black alder trees at 20 and 50 years of age were determined according to the year of planting (grown to 1.3 m) and dendrochronological analysis. Standard deviation (± SD) was used for differences between average annual ring width and canopy.
The method of single pointer year analysis (Schweingruber et al., 1990; Desplanque et al., 1999) was used to estimate the influence of extreme climatic events on diameter growth. For each tree, the negative event years were defined as extremely narrow ring widths that were 40% or less compared with the average value of ring widths in the previous four years (Schweingruber et al., 1990) . A negative pointer year occurred when an event year was identified at least for 20% of the trees within the plot.
Spatial distribution was determined by the index of non-randomness α (Pielou, 1959; Mountford, 1961) , based on the distance between a randomly selected point and actual positions of trees; by the aggregation index R (Clark & Evans, 1954) comparing the actual distance of a tree to its nearest neighbour and by the L-function L(r) (Ripley, 1981) . The index of cluster size ICS (David & Moore, 1954 ) was used to determine the spatial distribution based on tree frequency in quadrats. Each PRP contains 25 quadrats of 10 × 10 m in size. The significance of deviations from the expected values for random point layout was tested using Monte Carlo simulations. The medians of the L-function were estimated as the arithmetic means of L-functions calculated for 1999 randomly generated point structures. The respective expected values of these indices were calculated using numeric simulations separately for each specific case. The characteristics describing the horizontal layout of individuals in the area were calculated by PointPro 2.2 software (copyright: 2010 Zahradník, CULS Prague). The sta-tistically significant values in the results (exceeding the confidence interval) are marked with an asterisk.
The structural diversity assessment included the calculations of diameter differentiation index TM d , height differentiation index TM h (Füldner, 1995) and Arten-profil index A (Pretzsch, 2006) as an indicator of the vertical structure. These three indices can reach the values from 0 (minimum) to 1 (maximum). In addition, the stand diversity index B (Jaehne & Dohrenbusch, 1997) was calculated as an indicator of the complex diversity, i.e. an aggregation of tree species diversity, diversity of vertical structure, diversity of tree spatial distribution and diversity of crown differentiation. Table 2 shows the criteria of the structural indices of the tree layer.
Analyses were processed in the Statistica 12 software (StatSoft, Tulsa). Data were log transformed to acquire normal distribution (tested by Kolmogorov-Smirnov test). The differences between height, DBH and diameter increment of trees on plots were tested by one-way analysis of variance (ANOVA). Significant differences were consequently tested by post-hoc comparison Tukey's HSD tests. In addition, climate data (temperature and precipitation), data on diameter increment and stand volume with altitude were tested by the Pearson correlation coefficient. Significance of statistics was noted as follows: p > 0.05, p < 0.05, p < 0.01 and p < 0.001.
Results
Tree layer growth parameters
The results of basic stand characteristics from PRP K41, K43, K44 and ZO2 are shown in Table 3 . The number of living trees with DBH ≥ 4 cm ranges between 556 and 828 trees ha -1 , with SDI 0.67-0.77. ; the mean annual increment is 3.5-5.9 m 3 ha -1 y -1
. The basal area ranges from 33.6 to 41.0 m 2 ha -1 . The quality of timber production is shown in Table 4. The analysis of growth and trunk continuity indicates that the PRPs are dominated by trees with straight trunks (68%). Individuals with skew trunks represent 18% of the total number of trees. As for the trunk surface, smooth trunks prevail significantly (87%). Healthy trees account for 84%, hard rot in the trunk base was identified in 10% of the individuals and soft rot in 6%. On average, 52% of the trees show very good self-pruning and 42% have good self-pruning. The highest share of multi-trunk trees was observed on PRP K41 in 2.6 % of the individuals with the tree fork at a height up to 1.3 m, on the other PRPs (K43, K44 and ZO2) their proportion was to 1.5% (K43, K44 and ZO2) .
The frequency of diameter classes of the tree layer is shown in Fig. 2 and the height structure depending on DBH in Fig 3. Spatial and age differentiation of the stands is low with dominating black alder. The stands are mostly composed of one or two layers and they all form a continuous horizontal canopy. The taxation canopy is 0.70-0.91; the biological canopy is 1.03-1.63. The trunk stock in the upper layer is at the optimum stage passing to the stage of incipient decline.
In the entire study area, the trees show an average DBH of 22.7-29.8 cm; it is 21.9-29.1 cm for the black alder and 29.3-31.5 cm for the grey alder. The (3, 691) =66.6, p < 0.001), where the height differentiation of trees is approximately 3 times lower. The tallest black alder individuals reach the height of 30.5 m. The differences in tree height between the two alder species are not statistically significant on PRP 43 (F (1,162) =1.1, p > 0.05) and 44 (F (1,122) =1.4, p > 0.05). The green crown base is very variable in both alder species, ranging from 2 to 12 m. The slenderness ratio for all the studied trees decreases with DBH; a very distinct decrease is apparent in the thinnest alder trees, but there is a great variability.
Diameter increment dynamics
Dynamics of the average diameter increment with DBH of trees on PRPs in relation to age (20, 50 years and total) is shown in Table 5 . Individual trees on the same plot do not differ in their radial growth rate very much; similarity of average annual diameter increments on PRPs was also observed (F (3,232) = 1.6, p > 0.05). The highest annual diameter increment is found on PRP K43 (2.7 mm y -1 ± 1.6 SD). The lowest annual diameter increment is, similarly, on PRP K41 (2.2 mm y -1 ± 1.5 SD) and on PRP ZO2 (2.2 mm y -1 ± 1.6 SD).
Comparing all plots at the age of 20 years, there is no significant difference in the diameter increment of black alder (F (3,182) = 1.7, p > 0.05), but diameter increment is markedly higher on PRP ZO2 as opposed to PRP K43 (p < 0.05). Consequently, the highest diameter increment (6.4 mm y -1 ± 1.5 SD), as well as the highest average DBH (14.5 cm) at this age, is on PRP ZO2 at the lowest altitude, but 30 years later this RPR is characterized by the lowest diameter increment of all plots (2.8 mm y -1 ±1.3 SD). In contrast, at the stand age of 20 years, the lowest average DBH is observed on PRP K41 at the highest altitude (11.3 cm, increment 4.6 mm y -1 ± 2.5 SD). At 50 years of age, the lowest DBH (21.5 cm) is also found on PRP K41 together with the lowest diameter increment (3.3 mm y -1 ± 2.5 SD). Comparing all plots at the age of 50 years, there is a significant difference between diameter increments (F (3,146) = 7.9, p < 0.001); the significantly highest diameter increment is on PRP K43 as opposed to other plots (p < 0.001). The trees on PRP ZO2 in the Orlické hory Mts. grew fastest when young; the growth rate in the Krkonoše Mts. was the lowest on PRP K41 and the highest on PRP K44.
A comparison of the average annual ring curves of black alder for different PRPs shows their high goodness of fit (t-test > 3.2). This allowed comparing lo- (Fig. 4) . A substantial synchronized decrease in radial increment in both chronologies occurred only in 1987, with a rather smaller coincidence in 1998 and 2010 (Fig. 5) . The years with low radial increments of black alder in the Krkonoše Mts. were confirmed by an analysis of the major negative years 1987, 1996, 2010 and 2011 . The years were 1972 and 2005-2008 
Tree layer biodiversity
Indices describing the tree layer biodiversity are shown in Table 6 . The vertical structure according to A index shows little variation (0.230-0.329). Both the height and diameter structural differentiation indicates low structural differentiation (TM h = 0.056-0.162, TM d = 0.181-0.256). The complex stand diversity according to B index shows an uneven composition on PRP K41, K43 and K44 (6.712-7.403 ) and an even composition on PRP ZO2 (4.731).
The horizontal structure of the tree layer (covering all tree species) is shown in an outline in Fig. 6 ; Fig. 7 displays its Ripley's L-function. According to all the three structural indices determined, the tree layer individuals on PRP K41 are distributed in clusters, while PRP K43, K44 and ZO2 show random to clumped distributions. A random distribution of the tree layer individuals based on their distances (spacing) is also indicated by L-function for PRP K43 and K44 . In addition, PRP ZO2 has a random distribution of trees according to their distance over 3.6 m (regular distribution within 3.6 m). PRP K41 has a random distribution with distances within 2.2 m and the clumped one with distances over 2.2 m. Table 6 . Indices describing the biodiversity on permanent research plots 
Discussion
In the examined area of the Sudetes, the number of living trees with DBH ≥ 4 cm ranges from 556 to 828 trees ha -1 (432-772 trees ha -1 of black alder, 0-92 trees ha -1 of grey alder and ≤ 44 trees ha -1 of other tree species) with the stocking 0.72 (± 0.04 SD). In contrast to that, Bugala & Pittner (2010) quoted a little over half that number in a black alder stand of similar age in Slovakia (296-464 trees ha -1 ). The average DBH at the age of approximately 63 years is 21.9-29.1 cm, somewhat less than in black alder stands aged 60 years in Belgium, where DBH = 25-34 cm (Claessens et al., 2010) . The lowest stand volume is on PRP K41: 247 m 3 ha -1 and the highest on PRP OZ2: 393 m 3 ha -1 , while the black alder accounts for 73-98 % and the grey alder for up to 15 % of the stand volume. Overall, the stand volume decreases with increasing altitude at a gradient of 680-890 m a.s.l. Similarly, in the East Carpathian area, diameter increment in the grey alder decreases with altitude to its optimum of around 370 m a.s.l. (Bugala & Balanda, 2014) . The production capacity of the studied stands is good with respect to the site and stand conditions. The mean annual increment ranges about 4.9 m 3 ha -1 y -1 (± 1.0 SD) and, currently, the periodic annual increment is 7.8 m 3 ha -1 y -1 (± 1.1 SD). The average diameter increment at 63 years of age is 0.3-0.5 cm; likewise, Claessens et al. (2010) registered an increment of 0.4-0.6 cm under similar conditions. The maximum basal area reaches 41.0 m 2 ha -1 on PRP OZ2. Orzeł et al. (2005) identified production rates in black alder stands in Poland similar to those of the Krkonoše and Orlické hory Mts. in our study. For example, the numbers of trees in stands aged 66-76 were 367-700 trees ha -1 , the basal area was 22.7-44.1 m 2 ha -1 and the stand volume 218.0-447.6 m 3 ha -1 . Yield tables for the black alder in Europe have been compiled, e.g. by Sopp (1974) for Hungary, Schwappach (1919) and Schober (1995) for Germany, Petráš & Pajtík (1991) . Likewise, Krstinič et al. (2002) showed the very intensive growth of black alder between 5 and 20 years of age. At the age of 20, the height growth decelerates and the diameter growth remains still fairly fast (until the age of 60-70). The number of trees per hectare depends primarily on the age (Krstinič et al., 2002) . Based on growth tables for the black alder from Sweden, Germany, Croatia and Slovenia, Krstinič et al. (2002) stated that the stand density is 568-1352 at the age of 40, and 363-595 at the age of 60 years. The periodic annual increment is the lowest in Northern Europe, increasing towards the south. Its peaks are around 3.9 m 3 ha -1 y -1 in Sweden, 6.4 m 3 ha -1 y -1 in Germany, and 7.7-9.7 m 3 ha -1 y -1 in Slovenia and Croatia. Our findings from mountainous locations in the Sudetes generally match the rates for Germany.
The vertical structure of the stands examined by A index shows little variation, and both the height and diameter differentiations by Füldner are low. Likewise, Bugala & Pittner (2010) pointed out noticeable uniformity of the black alder stands in Slovakia. Korpeľ (1991) also obtained similar results when analysing the structure of black alder stands in the Jurský Šúr National Nature Reserve in Slovakia. He stated that, in particular, the black alder's considerable demand for light and significant autoreduction process initiated by diminishing growing space of individuals causes the fast dying of undersized trees. This process results in a single-layer composition with low height variation in the whole studied stand. In our case, the complex diversity by B index also points to an uneven composition in the Krkonoše Mts. and an even composition in the Orlické hory Mts.
The tree layer individuals in the PRPs are distributed in clusters or randomly. The clumped distribution of individuals is bound to microhabitats with a high water table, characterised by vegetative propagation. The clumped layout of the tree layer in black alder stands was also documented by Bugala & Pittner (2010) , according to whom the intensive stump sprouting and vegetative regeneration significantly contribute to the aggregation of individuals. They identified the highest proportion of individuals of vegetative origin on plots with a high degree of aggregation.
When assessing the trunks, the greatest attention was paid to the whole stem quality and features that are important indicators of possible economic utilisation. The PRPs were greatly dominated by trees with straight and smooth trunks, healthy ones and with good self-pruning. However, rot frequently develops after 60-70 years due to the short lifespan of this species (Claessens, 2005) . Rot in the trunk base was identified in 16% of the trees. These values are lower than those identified by Thibaut et al. (1998) in Belgium, Immler (2004) in Germany, and in quasi-natural black alder stands in Slovakia (Lukáčik & Bugala, 2005) . Besides environmental conditions (water table in particular), the growth properties and quality of production are also influenced by the age, origin and coenotic status of the individuals, which was also confirmed by the present study. Similar findings were reported by Korpeľ (1991) , who stated that clustering of individuals is significantly affected by the site properties, which he supported with the results of his assessment of the natural regeneration dynamics in quasi-natural black alder stands in Slovakia.
The descriptive statistics in some studies indicate that the growth chronology with reaction of radial increment to climatic factors in the black alder is comparable with other deciduous trees in the temperate forests of Central Europe (Lebourgeois et al., 2005) . In our case as well, the annual ring chronology shows how sensitive the black alder is to changing environmental factors, as indicated by the growth dependence on the temperatures of the current year compared to the previous year in the Krkonoše Mts., where the alder exists near the upper forest line in the Sudetes. Douda et al. (2009) similarly confirmed the radial growth increment of the black alder being affected predominately by local environmental factors. Nevertheless, several dendroclimatic studies have shown a relatively weak relationship between the annual radial growth of trees and climate in wetlands (Linderholm, 1999; Linderholm & Leine, 2004) . The black alder growth may therefore be significantly affected by local environmental factors (Rodríguez-González et al., 2010) , which may react variously to key climate variables in time. In our case, this is particularly evident in the Orlické hory Mts., where no dependence of radial increment on the mean monthly temperature was confirmed. These findings also conform to the statement of Laganis et al. (2008) that the radial growth of the black alder is relatively independent of temperature and precipitation fluctuations. For instance, human interventions in the catchment areas of the stands studied (extensive afforestation of former agricultural land and drainage of certain plots to increase their resistance) may explain some of the deviations observed in the annual ring chronology.
Changes in the growth of trees and their reaction to climate as a consequence of raising water table in the wetland were registered by Linderholm & Leine (2004) and Douda et al. (2009) . The aquatic regime of wetlands is a main factor for the diminished growth of alder. An increase in the water table causes stress due to a shortage of oxygen in soil (Dittert et al., 2006) , manifested by a decrease in nitrogen fixation and nutrient intake (Iremonger & Kelly, 1988) , increase in the concentration of toxic minerals in soil, deceleration of photosynthesis (Eschenbach & Kappen, 1999) , and damage to the root system (Glenz et al., 2006; Lucassen et al., 2006) . All these processes are associated with lower annual ring increment. The growth of black alder is less dependent on temperature as the water table rises. This is documented for PRP K41 in our case.
Conclusion
Even though the black alder is not among the most important tree species, its potential diverse use in forestry and other sectors calls for further research of the species. Its importance is noticeable also for nature conservation purposes (Special Area of Conservation, Natura 2000, Habitats Directive). Our study documented that the stand volume increases together with a decrease of altitude at the study gradient with maximum volume 393 m 3 .ha -1 . After 20 years of age, the radial increment of black alder stands decreases with an increase of their age and in the course of time the greatest decrease occurs at the lowest altitudes. In stands, affected by high soil moisture, diameter increment is positively correlated with the temperature dynamics in particular years, the stands in drier sites show the average radial increment correlated with moisture. The positive effect of the temperature on the radial growth increases with increasing altitude, respectively the negative effect of the precipitation. Alder stands produce low homogeneous vertical and diameter structure differentiation and the spatial pattern of trees is more aggregated at higher altitudes. The tree layer tends towards clumped spatial distribution with increasing altitude and on localities affected by soil water. The quality production from the studied alder stands can be utilised for industrial purposes; trees with rot in the trunk base (16%) are primarily suitable for energy purposes. 
